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(marked by arrow). So it was anticipated that this misfit may be due to the co-existence of some other phases. It has also been reported by various authors that the addition of Fe in BaTiO 3 lattice also forms hexagonal Phase [21] [22] [23] [24] . So, a two phase model of a tetragonal phase (P4mm) and a hexagonal phase (P63/mmc) (T+H) was used as refinement strategy which lead to the improvement in the fit by reducing χ 2 to 1.53. The refined lattice parameters, GOF ( 2 ), B iso , R-factors and cell volume calculated from Rietveld refinement are given in Table 1 .
The fit between the observed and calculated profiles is satisfactory (inset Figure 1 (b) ) and indicates the correctness of phase coexistence model.
Raman Spectroscopy
The co-existence of phases in NFBST system was further confirmed with the help of Raman spectroscopy as it is widely employed to understand the lattice distortions and crystallographic defects in the solids. It is well reported in literature that Raman active bonds characterizing the tetragonal phase of BaTiO 3 has sharp bands around 250 cm -1 A1 (2TO) and 
Scanning Electron Microscopy
Figure 3 displays the image of grain structure for NFBST ceramic recorded at magnification of 5KX and EHT of 15kV using Scanning Electron Microscope (SEM). It was observed that BSTF ceramic had granular microstructure with irregular shapes and some degree of agglomeration 12 . It is clearly seen that the NFBST sample is highly dense and has well packed grains of different sizes. Thus, it can be remarked that doping of NdFeO 3 in BST matrix has resulted in dense microstructure. However, density of the NFBST sample (calculated by lab made setup based on Archimedes Principle) is estimated to be 6.329 g/cm 3 . As expected during sintering process i.e. at high temperatures, thermal energy endorses growth of grain boundary over the porous regions which subsequently reduces the pore volume and further densifies the concerned materials. An uniform grain growth is expected when the driving force is homogeneous at the grain boundary and non-uniform growth for the case of inhomogenous driving force which is having explicit dependence upon sintering temperature, diffusivity of individual grains, porosity etc
Ferroelectric and Magnetic Properties
The room temperature P-E loop for NFBST sample recorded at the field of 40 kV has been shown in Figure 4 (a). We can clearly see that the observed P-E loop is not a typical saturated one however, it can vaguely be proclaimed as a lossy loop. The primary condition to have saturated ferroelectric loop is non-centrosymmetry. The XRD analysis shows that crystal structure of NFBST is a mixture of pseudo cubic and hexagonal, both being centrosymmetric do not favour ferroelectricity and thus have resulted in lossy P-E loop. 35 . When an external electric field is applied, the torque will try to align the aforementioned elastic dipoles along the polarization direction and subsequently reduces their potential energy. The defects present around domain wall affix the polarization direction which becomes more complex during motion and subsequently lossy P-E hysteresis loops are (↓) and nearby two iron has up spin (↑) which will lead to the generation of ferromagnetic coupling. Here F center executes an identical role as bound magnetic polaron.
Dielectric Permittivity Analysis
In order to understand the effect of NdFeO 3 doping in Ba 0 . 70 Sr 0.30 TiO 3 (BST) ceramics, the temperature dependence of dielectric constant (ε′) for NFBST sample in the temperature range of 300K-700K is illustrated in Figure 5 . The ε′ versus T plot usually represents the ferroelectric-paraelectric phase transition. It has been reported that BST and BSTF has phase transition at ~308 K and ~290 K respectively. We observe that with NdFeO 3 addition, no peak corresponding to phase transition is seen in 300K-700K. It has been reported that Nd NFBST sample the phase transition exists even below 100K. However, it is also observed that the subsequent monotonous increase of dielectric permittivity ε′ at higher temperature is due to the rise of conductivity of the sample polarization resulting from the mobility of ions and defects in the material. The broad peaks of the dielectric permittivity are getting suppressed and also shifting to higher temperature with rise in frequency, which is a typical signature of thermally activated relaxation process occurring in the material 41 .
Figure 6 also displays the dielectric loss (tan ) variation with temperature. The dielectric loss is almost invariant up to 500K and starts rising afterwards. At higher temperatures, the oxidation state of Fe ion changes spontaneously from Fe 3+ /Fe 2+ resulting in high conductivity and leakage in the sample. The oxygen vacancies so formed while change in oxidation states maintains electrical neutrality, thereby giving rise to thermally activated hopping conduction.
Moreover in ceramics, the dielectric losses also occur due to defects associated with grain boundaries 42 . The NFBST sample has dielectric loss value of nearly 0.01 for 1KHz frequency at room temperature whereas the dielectric loss in Ba 0.7 Sr 0.3 TiO 3 with 0.1% of Fe in our previous report was nearly around 0.5 12 . So, it can be clearly observed that the doping of rare earth ion i.e Nd significantly reduced the dielectric losses in the ceramics. Figure 7 shows that dielectric constant ε′ and dielectric loss ε" at different temperatures (573K-648K) decreases with increasing frequency. This behaviour can be explained by phenomenological Koops theory, in which dielectric materials have been described as two layer structure of Maxwell-Wagner type, where grains represent a well conducting layer, while grain boundaries represent a poorly conducting layer 43, 44 . The grain possesses small value of dielectric constant and have dominant role at high frequencies whereas grain boundaries possess high value of dielectric constant and mainly influence the dielectric properties at low frequencies. In this model, the electrons reach the grain boundaries via hopping, but if these grain boundaries are highly resistive, they make electrons to get accumulated at the grain boundaries, and hence result in polarisation. With the rise in frequency of applied field, a decrease in polarization is observed because the electron start reversing their direction more frequently and hence the probability of electrons to reach the grain boundary decreases. This is reason why the ε′ and ε" decrease with an increase in frequency. On the other hand, nearly constant loss (NCL) behaviour is observed, i.e. ε′ and ε″ seems to have very weak dependence on the frequency in the range from 1KHz to 1MHz 45 . This weak dependence often results from relaxations which involve highly localized motions of the charges moving in the asymmetric double-well potentials 43 . Figure 8 displays the variation of tan with frequency. The shifting of peak position toward the higher frequency side and the increase of peak height with increase in temperature indicates that these peaks are associated with thermally activated relaxation processes 46 .
Impedance Analysis
The complex impedance spectroscopy measurements have been carried out to 
Electric Modulus Analysis
To, get better insight of the electrical transport process occurring inside the material, and to distinguish the spectral components consisting of equivalent resistance and unequal capacitances, the dielectric response of non-conducting materials is made out via complex modulus analysis 51, 52 . Figure 
Electrical Conductivity Analysis
The transport behaviour of the charge carriers can be well elucidated by electrical conductivity as it not only depends on dielectric properties but also on the sample capacitance. The ac conductivity ( ) can be calculated using a relation; = 0 where is the angular frequency and 0 is the permittivity in free space. The mobile charge carriers reach to a displacement state from its actual position through hopping conduction between two potential energy minima and contribute towards frequency dependant conductivity in relaxation phenomenon [61] [62] [63] [64] . The aforementioned conduction behaviour follows the universal Jonscher`s power law, which is expressed as
where is the total conductivity, 0 is the frequency independent or 'DC' part which is related to dc conductivity and the second term of constant phase element (CPE) type. The frequency exponent n (0 < n < 1) is frequency independent, but the temperature and material dependant parameters represent the degree of interaction between mobile ions with lattices around them and A is the temperature dependent pre-exponential factor (constant) which determines the strength of polarization.
In general, the frequency dependence of conductivity does not follow the simple power relation as given above but follows a double power law given as
where σo is the frequency-independent (electronic or dc) part of ac conductivity. The exponent n1 (0 ≤ n1 ≤ 1) characterizes the low-frequency region, corresponding to translational ion hopping and the exponent n2 (0 < n2 < 2) characterizes the high-frequency region, indicating the existence of well localized relaxation / reorientational process, the activation energy of which is ascribed to reorientation ionic hopping. Further, it may be inferred that the slope n1 is associated with grain-boundary conductivity (with large capacitance values) whereas n2 depends on grain conductivity (with smaller capacitance values) 65 . Figure 14 shows the frequency-dependent conductivity spectra at selected temperatures (573K-648K) of NFBST. From the first glimpse, it can be clearly observed that there are two plateau regions (marked in figure 14) i.e. conductivity spectrum shows two frequency dependent dispersion regions. The low frequency plateau response is observed in region-I and frequency dispersion at higher frequency in region-II. The non linear curve fit to 
CONCLUSIONS:
The 
